INTRODUCTION
Isostasy describes the manner in which surface topography is compensated by the subsurface mass distribution. In a flexural isostatic model [Bartell, 1914; Vening Meinesz, 1941] , topographic features are treated as loads on a thin elastic plate underlain by a weak fluid, and compensation occurs on a regional basis because loads are partially supported by the lateral strength of the lithosphere. The extent to which the lithosphere can support loads is conveniently characterized by the flexural rigidity or, equivalently, the effective elastic thickness of the plate. Alternatively, in an Airy or local isostatic model [Airy, 1855] More recently it has been shown that continental flexural rigidities determined from the admittance can be greatly underestimated if loads are located within or beneath the plate instead of on the top [Louden and Forsyth, 1982; McNutt, 1983; Forsyth, 1985] or if provinces with differing rigidities are averaged together [Forsyth, 1985] . The systematic bias toward low rigidity when both surface and subsurface loading are present is the dominant of these effects [Forsyth, 1985] .
Australia consists of numerous tectonic provinces (Figure la
that reflect an eastward progression of tectonic activity that ceased as early as the Proterozoic in the west and as late as the Mesozoic in the east [Plumb, 1979a] . The topography of the continent is subdued (Figure 2a ). Forty percent of the surface area is at an elevation of less than 200 m [Palfreyman, 1984] , and the dominant topographic expression occurs in a narrow band along the east coast. Gravity anomalies (Figure 2b ) in many areas reflect crustal density variations [Dooley, 1977; Wellman, 1978 Wellman, , 1979a Wellman, , 1982 Tables 1 and 2. cratonic blocks, which make up most of the continent, and/or (3) the importance of both surface and subsurface loads in producing gravity anomalies. Forsyth [1985] determined that the problems inherent in calculating flexural rigidity using the admittance could be overcome by using the coherence instead, which is defined as the square of the correlation coefficient between Bouguer gravity and topography. The approach entails comparing the observed coherence to the coherence predicted by a model of surface and subsurface loading of a continuous elastic plate. If surface and subsurface loading are statistically independent processes, then this method yields an unbiased estimate of the flexural rigidity. The technique can also provide an assessment of the relative importance of surface and subsurface loads in the development of topography. In this study we investigate the isostatic compensation of Australia using the coherence and find that the average elastic thickness of the lithosphere is in excess of 100 km (flexural rigidity >8.9 x 10 24 N m), in agreement with values obtained using the same method for other continental shields [Bechtel, 1989; Ebinger et al., 1989 ].
In addition, we determine elastic thicknesses for tectonic subregions within the continent and in some areas solve for the distributions of surface and subsurface loads. We interpret the results in the context of the structure and evolution of the Australian lithosphere.
DATA
Two separate gravity/topography data sets were used in the analysis. The raw data in the primary data set consisted of approximately 240,000 randomly spaced elevation and gravitational acceleration values determined from landbased surveys. These data were interpolated to form gridded arrays of topography and gravity by fitting a biquadratic surface to a minimum of 10 measurements within a spherical cap surrounding a prescribed grid point. The radius of the cap was determined by performing a singular value decomposition of the normal matrix of points. The final data sets consisted of 360 x 463 equal-area Cartesian grids in which points were spaced at 10 km. Bouguer anomalies were computed at each grid point assuming a crustal density of 2670 kg m -3. Because gentle topography characterizes nearly all of continental Australia, terrain corrections were not applied. The second data set consisted of 0.1 ø x 0.1 ø latitude/longitude grids of corresponding elevations and Bouguer anomalies compiled by the Bureau of Mineral Resources, Canberra, ACT, Australia. This supplemented the primary data set because it included data for the continental shelves and was therefore particularly useful in isolating tectonic provinces along the coasts. Tectonic subregions common to both data sets yielded similar elastic a) TOPOGRAPHY thicknesses, indicating that grid distortions associated with the different coordinate representations were not significant.
The gridded data were Fourier transformed to obtain the spectral amplitudes of Bouguer gravity and topography. In order to suppress edge effects while permitting consideration of the longest possible wavelengths, the data were mirrored in the north-south and east-west directions prior to transforming to produce data sets 4 times the size of the original data sets. The longest wavelengths in the Fourier transform representation of the data thus exceed the dimensions of the original study areas and were excluded from the inversions for the elastic thicknesses. [Bendat and Piersol, 1980] . The coherence represents the fraction of the energy in the gravity field that can be predicted by a linear filter operating on the surface topography. At long wavelengths, surface or subsurface loads deflect the lithosphere creating gravity or topographic anomalies representative of the compensation of the loads. Thus at long wavelengths, Bouguer gravity and topography are correlated, and the coherence approaches unity. In contrast, at short wavelengths, loads are supported by lithospheric strength and do not deflect the lithosphere. In the short-wavelength limit, gravity and topography are uncorrelated so the coherence approaches zero (if surface and subsurface loading are statistically independent). The wavelength of the transition between coherent and incoherent wave bands indicates the flexural rigidity or elastic thickness of the lithosphere. A thicker or more rigid lithosphere undergoes the transition from high to low coherence at a longer wavelength than a thinner or less rigid lithosphere [Forsyth, 1985] . At wave numbers where Dk 4:3 0 (i.e., at wavelengths where the rigidity of the lithosphere supports some or all of the loads) the system of equations for the surface and subsurface loads has a unique solution [Forsyth, 1985] The predicted coherence is dependent on a number of assumptions, e.g., the ratio of surface to subsurface loading, but is most sensitive to the flexural rigidity. For example, Forsyth [1985] [1987] redid the analysis for East Africa using the complete gravity and topography fields to calculate the loads and obtained the same result (T = 25 km).
The elastic plate model assumed in the determination of the predicted coherence is characterized by a smooth and rapid transition from high to low coherence. In practice, however, the observed transition may be broad or show considerable scatter, indicating that a region is not uniformly rigid [Forsyth, 1985] . In this situation the result represents an average of subregions with different flexural rigidities weighted by the product of the powers of the topography and gravity anomalies. When this occurs, it is desirable to subdivide the area further to isolate a region with uniform rigidity. However, for a rigid continent it is necessary to examine a relatively large area in order to recover long enough wavelengths (i.e., with coherence near one) to constrain the rigidity. For Australia many tectonic provinces were too small to calculate individual flexural rigidities. The rationale for choosing the sizes of subregions is discussed in greater detail in the appendix.
Interpretation of Surface and Subsurface Loads
On the basis of geological and geophysical knowledge of the average density structure of Australia, the subsurface interfaces V and W were chosen to correspond to basement and the Moho, respectively. The depths to these interfaces were determined from gravity and seismic data. Specifically, the depth zc to the shallow interface V was determined from the slope of the shortest wavelength piecewise linear segment of the log gravity power spectrum [Karner and Watts, 1983 A shallow subsurface interface was included to characterize better the subsurface structure in areas that contained marked variations in density or for numerical stability in the determination of subsurface loads. In the latter case, downward continuation of the high-frequency component of the Bouguer gravity signal to shallow depths prevents instabilities due to noise in the signal that is progressively amplified with increasing depth [McNutt, 1983] . Because the coherence is relatively insensitive to the density structure, models with and without a shallow interface yielded similar estimates of effective elastic thickness. In the model formulation for a lithosphere loaded at the surface and a single, deep subsurface (Moho) interface, terms containing V and the subscript m vanish in equations (7) and (9).
CONTINENTAL AUSTRALIA
In order to estimate the average elastic behavior of the Australian lithosphere, we first analyzed several regions that In Figure A1 neither the wavelengths of the transitions from high to low coherence nor, consequently, the best fit elastic thicknesses are controlled by the dimensions of the study areas. The figure demonstrates the practical problems encountered in (1) interpreting the elastic thickness obtained in an area of variable rigidity and (2) attempting to determine the elastic thickness of a small, rigid area. The first problem can be overcome by analyzing smaller subregions in order to isolate regions with uniform rigidities, while the second problem can be addressed by analyzing a larger area in order to obtain a better constrained result.
The solution for continental Australia (Figure 3) represents an average of many subregions with differnt flexural rigidities. Notice that the best fit elastic thickness (= 130 km) is greater than the average value for the smaller subregions contained within it (cf. Figure lb) . This may be explained in part by positively correlated surface and subsurface loads in central Australia, which will make the plate appear weaker than it actually is [e.g., Bechtel e! al., 1987]. Surface and subsurface loads are not highly correlated for the continent as a whole; correlated loads in a given area, however, may appear random when averaged on the continental scale. Because of the errors involved with including areas of variable rigidity and with correlated loads, we assign large uncertainties (+75/-50 km) to our average best fit elastic thickness for Australia. However, even with the high uncertainties the value is quite large, of the order of 100 km.
